Europdisches Patenlamt 



(1 9) Eu^P 6311 Patent Office 




Office europ6en des brevets 


(n) EP0 991 100 A2 


(12) EUROPEAN PATENT APPLICATION 


(43) Date of publication: 


(51) Int. CI. : nUiJ 1 /7*#5J, nuivi l/DD 


05.04.2000 Bulletin 2000/14 




(21) Application number: 99106947.7 




\c.c.) luetic Oi Tinny. uo.iH.i??? 




19KA\ rtocinnatoH f.nntraptinn fitatp^' 
igti LJcoiy I iclldJ uui l Li ctvui ly o lqico . 


• Arimoto, Hironobu, 


at rf ph rv np nic f*^ r fr fiR f5R if it l i lu 

Ml DC Vvil v/ ■ L/C L/rv CO n in vid v^n ic I I i-i 


c/o Mitsubishi Denki Kabushiki 


MC NL PT ot 


Tokvo 1 00-831 0 ( JP} 


uesignateo txtension oiaies. 


• Hemmi. Kazuhisa. 

■ Ivl III III J 1 ^i** ■» %■ 111 ■ J 


AL LT LV MK RO SI 


c/o Mitsubishi Denki Kabushiki 




Tokyo 100-8310 (JP) 


(30) Priority: 30.09.1998 J P 27787098 




(74) Representative: 


(71) Applicant: 


Bohnenberger, Johannes, Dr. et al 


MITSUBISHI DENKI KABUSHIKI KAISHA 


Meissner, Bolte & Partner 


Tokyo 1 00-331 0 (JP) 


Widenmayerstrasse 48 




80538 Munchen (DE) 


(72) Inventors: 




• Ito, Atsushi, 




c/o Mitsubishi Denki Kabushiki Kais. 




Tokyo 100-8310 (JP) 





(54) Panel display 

(57) Electric discharge is caused in a concave por- 
tion (12) to generate ultraviolet light. The ultraviolet light 
is incident upon a fluorescent layer (14), which emits 
visible light. The emitted visible light is transmitted 
through transparent electrodes (24a, 24b) and radiated 
from a surface. Because spherical materials (16) are 
arranged on the inner surface of the concave portion 
(12), the surface area of the fluorescent layer (14) is 
enlarged, more ultraviolet light enters the fluorescent 
layer (14), and the conversion efficiency from ultraviolet 
to visible light is enhanced. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] The present invention relates to a panel display 
which has a fluorescent layer emitting light by electro- 
magnetic radiation generated through electric dis- 
charge. 10 

Description of the Related Art 

[0002] A plasma display has been heretofore known in 
which electromagnetic (ultraviolet) radiation generated 15 
by electric discharge are radiated to a fluorescent layer 
to thereby emit light, and become common in thin dis- 
plays. In the plasma display, a panel display is parti- 
tioned into a multiplicity of chambers, and the electric 
discharge of each chamber is controlled. Therefore, 20 
each chamber functions as a display pixel, and images 
are displayed on the entire screen. 
[0003] Electromagnetic radiation generated by electric 
discharge is usually ultraviolet, and visible light is emit- 
ted by radiating the ultraviolet radiation to a fluorescent 25 
material. In general, the electric discharge is caused by 
arranging electrodes on the surface of the chamber, and 
ultraviolet ray is irradiated to the fluorescent layer 
formed on the back surface, and generated visible rays 
of a color corresponding to the fluorescent material 30 
toward the surface. 

[0004] Here, in the panel display, there is a demand for 
increasing luminance. In order to increase luminance, 
raising the conversion efficiency from generated elec- 
tromagnetic radiation to visible light is preferable raised 35 
to merely raising the discharged power. 
[0005] Additionally, Japanese Patent Laid-open Publi- 
cation Nos. Hei 6-310050, Hei 9-45269, Hei 6-131988 
and others disclose the mixing of particles into a fluo- 
rescent layer, but the fluorescent layer is of a transmis- 40 
sion type, and a surface is not made convex/concave. 
Moreover, Japanese Patent Laid-Open Publication No. 
Hei 6-5207 discloses a plasma display in which a fluo- 
rescent layer is curved, but the surface is not made con- 
vex/concave. 45 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide 
a panel display in which the conversion efficiency into so 
visible light is enhanced. 

[0007] In the panel display of the present invention, a 
fluorescent layer which emits light by electromagnetic 
radiation generated through electric discharge is formed 
on a convex/concave surface. 55 
[0008] It may also preferable that the fluorescent layer 
be formed on the back surface of a panel display electric 
discharge section and that the lights emitted by the flu- 



orescent layer are irradiated toward the surface. 
[0009] It may further preferable that a surface under 
the fluorescent layer be made convex/concave by 
arranging bulk materials on a flat plane. 
[0010] Because the present invention is constructed 
as described above, the following effects are provided: 

(1) As a fluorescent layer emitting light as a result of 
electromagnetic radiation generated by electric dis- 
charge is formed on the convex/concave surface, 
the surface area of the fluorescent layer is enlarged 
and the absorption probability of ultraviolet rays to 
the fluorescent layer is increased. Therefore, the 
conversion efficiency to the visible rays from the 
electromagnetic waves generated by the electric 
discharge is raised, the amount of emitted lights is 
increased, and the luminance can be raised. 

(2) When a fluorescent layer is formed on the rear 
surface of a panel display electric discharge sec- 
tion, and the light emitted from the fluorescent layer 
are irradiated toward the surface, the amount of 
light emitted toward the front of the panel display 
can be increased. In a transmission-type fluores- 
cent layer, the convex/concave surface cannot con- 
tribute to the increase of the luminance. 

(3) Because the surface under the fluorescent layer 
is formed convex/concave by arranging bulk materi- 
als on the flat plane, no special process other than 
the arrangement of the bulk materials is necessary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a diagram showing the structure of a first 
embodiment of the present invention. 
Figs. 2A and 2B are diagrams showing the struc- 
ture of a second embodiment of the present inven- 
tion. 

Figs. 3A and 3B are diagrams showing a modifica- 
tion of the second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Embodiments of the present invention will be 
described hereinafter with reference to the attached 
drawings. 

First Embodiment 

[0013] Fig. 1 shows one display cell (one color) in a 
panel display according to a first embodiment of the 
present invention. A back glass substrate 10 is provided 
on the back surface of the panel display. A fluorescent 
layer 1 4 is formed on the inner surface of a concave por- 
tion 12 formed in the back glass substrate 10. A pair of 
bus electrodes 22a, 22b are arranged on the back sur- 
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face of a front glass substrate 20 (facing the back glass 
substrate 10), and connected to transparent electrodes 
24a, 24b, respectively. Here, one of the transparent 
electrodes 24a, 24b is a common electrode operated in 
common with each display cell, while the other elec- 
trode is an individual electrode individually operated in 
each display cell. In order to cover these components, a 
dielectric layer 26 is formed, as is a protective film 28. 
Therefore, the protective film 28 usually formed of MgO 
faces the concave portion 12. Electric discharge is 
caused in a portion close to the protective film in the 
concave portion 12, and the portion forms an electric 
discharge section. 

[0014] In the first embodiment, bulk materials or 
spherical materials (e.g. glass beads) 16 are spotted on 
the inner surface of the concave portion 12 to form a 
convex/concave surface. The surfaces of the spherical 
materials 16 are also covered with the fluorescent layer 
14. Therefore, the fluorescent layer 14 is formed on the 
convex/concave surface. 

[0015] In such a display cell, electric discharge is 
caused in the concave portion 1 2 close to the protective 
layer 28 via the bus electrodes 22a, 22b, the dielectric 
layer 26, and the protective layer 2S by applying a pre** 
determined voltage between the transparent electrodes 
24a, 24b. Thereby, gas atoms (e.g., Xe) existing in the 
concave portion 12 are excited to generate ion/radical 
atoms (excited atoms). Subsequently, when the ion/rad- 
ical atoms fall from an excited state to the normal state, 
ultraviolet radiation (143 nm or 172 nm in the case of Xe 
gas) is generated. The generated ultraviolet light is inci- 
dent upon and absorbed by the fluorescent layer 14, 
and visible light is irradiated from the fluorescent mate- 
rial. Because the visible light is transmitted through the 
bus electrodes 22a, 22b, the display is visible to a per- 
son in front of the front glass substrate 20. Additionally, 
there are three types of fluorescent layers 1 4, i.e., Red, 
Green, and Blue (RGB), and three display cells having 
these fluorescent layers 14 are arranged in parallel to 
form one display unit. A multiplicity of display units are 
arranged in a matrix to form the panel display. Full color 
display is then performed by independently controlling 
each display cell. In the present example, the size of 
one display cell is 3 mm x 9 mm, and the size of one dis- 
play unit is therefore about 9 mm x 9 mm. However, size 
is not limited and, for example, units of about half of that 
size may be employed. 

[0016] The existence of the spherical materials 16 
increases the surface area of the fluorescent layer 1 4 as 
compared with a flat layer. This increases the probability 
that the ultraviolet radiation generated by the electric 
discharge will be absorbed by the fluorescent layer 14, 
which in turn increases the amount of emitted light. 
Especially, in the panel display of the first embodiment, 
visible light reflected by the fluorescent layer 14 is irradi- 
ated toward the front. Therefore, the total amount of 
emitted light can be increased by placing the spherical 
materials 16 on the inner surface of the concave portion 



12 to enlarge the surface area. However, such a struc- 
ture decreases the luminance in a fluorescent lamp or 
other transmission-type fluorescent layer. 
[001 7] In the first embodiment, the concave 

5 may preferably have a size of 3 mm x 9 mm and a depth 
of about 600 nm, while the fluorescent layer 14 may 
have a thickness of about 30 jim, and the spherical 
material 16 a diameter of about 50 to 150 nm. 
[0018] In a conventional plasma display, one display 

10 cell has a size of about several 100 \itr\ square. There- 
fore, if the spherical materials 16 are arranged as in the 
first embodiment, most of the space is occupied by the 
spherical materials 16, and significant enlargement of 
the surface area of the fluorescent layer 14 by the 

is arrangement of the spherical materials 16 cannot be 
expected. 

[0019] In the present invention, since the size of the 
display cell is enlarged, the surface area can be 
enlarged by arranging the spherical materials 16, and 

20 the luminance can be raised accordingly. Additionally, if 
the fluorescent material is improved to reduce the thick- 
ness of the fluorescent layer 14, even in the plasma dis- 
play having a small display cell size, the conversion 
efficiency from ultraviolet into visible light can be 

25 increased by arranging the spherical materials 16 in the 
concave portion 12 to form a convex/concave inner sur- 
face. 

[0020] For the fluorescent layer 14, after the concave 
portion 12 is formed in the back glass substrate 10 by 

30 sandblasting or other method, a liquid fluorescent agent 
is supplied to the concave portion 12. Here, the spheri- 
cal materials are supplied to the concave portion 12 
together with the liquid fluorescent agent formed by mix- 
ing the fluorescent material in a volatile solvent. The sol- 

35 vent is volatilized by baking the materials, and the 
fluorescent layer 14 is formed on the convex/concave 
surface formed by attaching the spherical materials 16 
to the inner surface of the concave portion 12 together 
with the fluorescent layer 14. 

40 [0021] The spherical material 16 may be formed of a 
glass or a metal. Furthermore, the fluorescent material 
may be compacted to obtain 50 or larger particles. 
For example, when an adhesive or the like is used, the 
fluorescent material is formed into particles, and the 

45 particles may be mixed into the liquid fluorescent agent. 
Additionally, the fluorescent layer 14 may be applied, 
sintered, and formed of fluorescent particles each hav- 
ing a diameter of several fim. Bulk materials each hav- 
ing an optional shape may be used instead of the 

so spherical materials 16. As described above, since the 
spherical materials 16 may just be supplied together 
with the fluorescent agent, any special process is not 
necessary to make the inner surface of the concave por- 
tion 12 convex/concave. 

55 

Second Embodiment 

[0022] Figs. 2A and 2B illustrate the configuration pro- 
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duced according to a second embodiment of the 
present invention. In the second embodiment, a plurality 
of convex portions 18 are formed on the inner surface of 
the concave portion 12. The convex portion 18 has a 
height of about 50 to 150 ^m. The fluorescent layer 14 
is formed on the convex portions 18, and the surface 
area of the fluorescent layer 14 is enlarged in the same 
manner as in the first embodiment. 
[0023] Such convex protrusions 18 can be formed by 
various means. In the panel display of the first or second 
embodiment, sand-like particles may be blasted onto 
the back glass substrate 10 to form the concave portion 
1 2. When some of the sand is deflected with a mask 30, 
the degree of glass etching is reduced in the corre- 
sponding portion, and the convex portions 18 can be 
formed. In order to form a concave portion 12 having a 
depth of about 600 ^im, the sandblasting process is usu- 
ally repeatedly performed. Therefore, a wavy con- 
vex/concave inner surface can be obtained by using the 
mask 30 several times throughout the complete proc- 
ess. Moreover, as shown in Figs. 3 A and 3B, the con- 
cave portion 12 may be stepped using the masks 30 for 
blocking some of the sand. In this case, the surface area 
can also be made larger as compared with the flat inner 
surface. 

[0024] Moreover, the fluorescent layer 14 can entirely 
be uniformly applied or formed, even on the convex/con- 
cave surface, by using a fluorescent agent with higher 
viscosity than that of a usual fluorescent agent. Further- 
more, when the concave portion 12 is formed by sand- 
blasting, the inner surface of the concave portion 12 is 
made coarse. Therefore, the fluorescent agent will not 
readily flow and can be easily applied to the surface. 
[0025] Additionally, the display cell of the present 
invention is suitable for a flat panel display disclosed in 
PCT International Application No. PCT/JP98/01444. 

Claims 

1 . A panel display comprising a fluorescent layer (1 4) 
which emits light in response to electromagnetic 
radiation generated by electric discharge, 

the fluorescent layer (14) being formed on a 
convex/concave surface. 

2. The panel display according to Claim 1 , wherein the 
fluorescent layer (14) is formed on a back surface of 
a panel display electric discharge section, and the 
light emitted by the fluorescent layer (14)is radiated 
towards a surface. 

3. The panel display according to Claim 1 , wherein the 
surface under the fluorescent layer (14) is formed 
convex/concave by arranging bulk materials (16) on 
a flat plane. 

4. The panel display according to Claim 1 , wherein 



said bulk material (16) are formed of glass beads. 

5. The panel display according to Claim 1 , wherein the 
diameter of said bulk material (16) is in the range of 
5 about 50 to 150 ^m. 
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(57) Electric discharge is caused in a concave por- 
tion (12) to generate ultraviolet light. The ultraviolet light 
is incident upon a fluorescent layer (14), which emits 
visible light. The emitted visible light is transmitted 
through transparent electrodes (24a, 24b) and radiated 
from a surface. Because spherical materials (16) are 
arranged on the inner surface of the concave portion 
(12), the surface area of the fluorescent layer (14) is 
enlarged, more ultraviolet light enters the fluorescent 
layer (14), and the conversion efficiency from ultraviolet 
to visible light is enhanced. 
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